The GaAs Schottky varactor diode is the non-linear device most commonly used for submillimeter wave harmonic generation. Output power adequate to serve as a local oscillator source for SIS tunnel junctions has been demonstrated with whiskercontacted GaAs Schottky varactor multipliers in waveguide mounts up to about 800 GHz.
INTRODUCTION
Heterodyne receivers are used for high spectral resolution shortermillimeter and sub-millimeter wave astrophysics and earth remote sensing observations. Local oscillator, mixer and antenna are the critical components in a receiver. One approach to provide sub-millimeter power is to use the combination of a high-power millimeter-wave source with a harmonic multiplier for higher frequency generation. Frequency multipliers use a non-linear device to generate harmonics of the input frequency from a fundamental oscillator. Although the Manley-Rowe relations
show that an ideal harmonic genarator with 100% efficiency is possible with a varactor, real multiplier circuits are limited by loss in the device and circuit and by impedance matching limitations at the input, output, idler and harmonic frequencies [1, 2] . As the circuits become smaller with increase in frequency, impedances and losses become more difficult to control.
To achieve the full capability of the diode, appropriate embedding impedances must be provided by the multiplier mount. The impedances at the input and output frequencies must be set to maximize coupling power into or out of the device. In higher order multipliers, current flow at the intermediate harmonics (i.e. the idler frequencies) will enhance harmonic conversion. Therefore, the diode must be terminated with a lossless reactance at these frequencies. The embedding impedances are provided by the multiplier mount. Nonlinearities symmetric about zero bias will generate only odd
Page 166
Third International Symposium on Space Terahertz Technology harmonics, greatly simplifying the multiplier mount design. For instance a tripler mount for a symmetric device will be equivalent to a doubler mount for a device without symmetry. Similarly, a quintupler mount will be equivalent to a tripler mount, both requiring one idler.
This paper presents the theoretical and experimental results of a 200 GHz tripler using a single barrier varactor (SBV) as the nonlinear device.
MULTIPLIER DEVICE
The single barrier varactor diode used as the multiplier device in our experiment, was developed at the Chalmers University of Technology [3, 4] . These
Chalmers devices were fabricated with the epitaxial GaAs/Alo.yGao.aAs/GaAs material grown as indicated in Fig.1 . It is inherently a symmetric device. The Alo.yGao.sAs barrier When the diode is biased in the forward direction, the depleted region will appear on one side of the barrier, and the depletion capacitance of the device will decrease with increasing voltage. Since the diode is symmetric, a reverse bias will in the same way cause a decrease in the capacitance value of the device. Hence, the maximum capacitance is obtained for zero voltage and is determined by the thickness of the Alo.yGao.aAs barrier. The minimum capacitance which occurs for maximum bias voltage, is determined by the doping concentration and the extension of the moderately doped drift region. For an appropriately designed device, similar capacitance swing with voltage as for the Schottky-varactor diode is expected [5] .
The losses due to the series resistance may be larger in the SBV diode than in Schottky varactors, since the maximum current i m ax= CdV/dt will occur for V(t) = 0, i.e. when both dV/dt and C are maximum and n-doped drift regions on both sides of the barrier are undepleted and contribute to the series resistance. In addition, for small area device, the ohmic contacts exhibits higher resistance than Schottky contacts. However for a Schottky varactor tripler, the idler current at the second harmonic will degrade 200 GHz WAVEGUIDE MOUNT To achieve optimum performance of the device, it must be provided with the appropriate circuit embedding impedances. The impedances at the input and output frequencies must be set to maximize coupling power into or out of the device. In higher order multipliers, current flow at the intermediate harmonics i.e. the idler frequencies will enhance the harmonic conversion. Therefore, the diode must be terminated with a lossless reactance at these frequencies.
An output of the large signal analysis, used to optimize the device, is the
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Third International Symposium i;;i Space Terahertz Technology dielectric loss in the filter are very small. The primary loss mechanism is due to the impedance mismatch. By measuring reflected power at the input, less than 0.2 dB loss due to mismatch was observed, over the frequency range tested.
At the output frequency, the impact of finite conductivity is higher. In addition, losses due to imperfections in the backshort are critical. Other mechanisms include the impedance mismatch and higher harmonic generation.
Some of these loss mechanisms at the output frequency have been modeled using Hewlett Packard's Microwave Design System (MDS) package. Based on these observations, the multiplier mount loss budget is presented in Table- l. In the output circuit, the loss due to the finite conductivity is estimated as 1 dB. Loss due to backshort is 3 dB. Impedance mismatch loss and loss due to higher harmonics are not known. Therefore, the loss in the output circuit is estimated to be more than 4 dB. Input circuit loss is estimated to be less than 0.2 dB. Using these loss values, 0.2 dB at input and 4 dB at output, the measured flange-to-flange efficiency is
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DISCUSSION AND CONCLUSION
The single barrier varactor diode has been shown to be able to provide more than 5% efficiency as a 200 GHz tripler. About 2% flange-to-flange tripling efficiency is obtained using the crossed-waveguide tripler mount for symmetric devices.
The multiplier mount has a 0.2 dB input circuit loss due to the impedance mismatch, introduced by the reflected power. A total loss of more than 4 dB is estimated at the output circuit. This includes the 1 dB loss due to finite conductivity of the waveguide and 3 dB loss due to the backshort.
Development of devices with lower leakage current will significantly improve the tripler performance. Results can be further improved by reducing the output circuit 4 dB loss by improving the imperfect backshort.
